Chicago, Illinois I shall first write down a number of observational facts, and then in another column compare them with the results of the theoretical program we have been carrying out at Chicago over the past few years. The purpose of this comparison will be to suggest experiments, some of which are already in progress, and which will perhaps resolve a few of the difficulties in our present knowledge of the dynamics of the interplanetary medium.
Beyond that distance the temperature can only be inferred indirectly, and the degree of uncertainty becomes very great. Examination of the decay part of the cosmic ray indicates that it did not drop off exponentially, but like (time)-V •. This power law is a familiar one. Let us suppose that after the flare the excess cosmic rays were somehow trapped in the solar system, as must have happened, because they continued to arrive for some 30 hours after the flare which produced them had entirely disappeared. Then suppose that the trapping mechanism disintegrates by some process of diffusion. A simple solution is obtained to the diffusion equation in which intensity drops off as t•/• if the cosmic-ray particles are released in the center of a large threedimensional space filled with a medium that impedes their flow.
Specifically, the cosmic rays were released at This is the history of one of the great cosmicray solar flares. As Gold mentioned, there are other flares of more modest type. They do not produce 10-bev particles, but rather a large number of protons of 10 Mev. The particles from these flares also come unimpeded from the sun, again suggesting a radial magnetic field. Again they seem to be stored for fairly long periods of time, as though by an imperfect barrier.
These are the observational facts that I consider most relevant to the problem of the interplanetary gas. Now let me present a brief summary of theoretical results. I shall begin with the solar corona, which is the prime mover for the interplanetary medium.
It has been pointed out that the temperatures in the solar corona are extremely high. When we write down the barometric equations for the corona, we find that the pressure does not vanish at infinity, suggesting that the solar corona must expand continually into space. Therefore, we add the term v dv/dr to obtain the hydrodynamic equation of motion for the corona. The field is unstable, because of the anisotropic expansion of the gas as it comes out from the sun. The collision rate is extremely low; hence if the gas expands in directions perpendicular to the radius, but not in the radial direction, its thermal motions become anisotropic and the gas itself becomes unstable. The field becomes disordered. Inserting reasonable parameter values, one finds as a rough result that the field should become disordered between the orbit of Venus and the orbit of Mars.
The field strength, extrapolated outward radially from the sun, and starting with 1 gauss at the sun, gives 2 X 10 -• gauss at the orbit of earth. The characteristics of the instability being known, it may be predicted that the scale of the disordering should be 106 km.
We then look back at our earlier inference on the size of the disordered regions in the field deduced from the cosmic-ray data, and we find that there is agreement between our earlier results and the present calculations on the solar wind. Apparently we live inside the thick shell of a tenuous disordered field, extending from the orbit of the earth to the orbit of Jupiter. The fact that the disordered field is being conveered outward by the solar wind, at 500 to 1500 km/sec, should have some effect on the cosmic-ray intensity. We believe that most of the cosmic rays come to us from interstellar space, and to get to the earth they must come through the disordered shell. Yet, if they are continually being swept outward by that shell, their intensity should be decreased inside the shell, that is, in the vicinity of the earth.
By assuming that the particles walk randomly through the disordered field, we obtain a diffusion equation that is easily solved. One may ask how these theoretical proposals can be tested. I think the most crucial piece of evidence will come not too long from now through observations that are being planned by Professor Rossi at MIT. Rossi proposes to measure directly the gas blowing outward from the sun, by a plasma probe to be flown in a vehicle included in the NASA program. The apparatus will determine the density and energy spectrum of both ions and electrons by a sophisticated form of ion trap. The observations will tell us in detail the solar wind velocity, density, temperature, and time variations. We should be able to proceed with a more elaborate theoretical model than the spherically symmetric one already treated.
A second important experiment is the accurate determination of the cosmic-ray variation. The cosmic rays vary with the l 1-year-cycle. I have suggested very tentatively that this may be a heliocentric phenomenon, that is, that the variation probably occurs over the entire inner solar system. However, other events, such as the Forbush decrease, appear to be local phenomena. For example, the Forbush decrease shows geographical irregularities, and therefore at least a part of it must be geocentric. Webber, at Maryland University, who has been studying the observational data, suggests that the Forbush decrease may be a combination of heliocentric and geocentric effects. It would be very interesting to have detectors spaced near the earth and at various distances out from the earth to determine the precise separation of cosmic-ray variations into geocentric and heliocentric phenomena.
In the remainder of this paper I shall discuss the terrestrial effects of the solar wind.
I should like to note first that a solar wind blowing outward from the sun must exert a pressure against the geomagnetic field, inasmuch as the ionized gas of the solar wind is unable to penetrate the field. tuations of the penetrating tongues. We expect that the Fermi mechanism will be operating. Since we cannot write down the field in detail, we cannot give a rigorous result for what will actually happen to the particle. But we can put a lower limit on the acceleration that will take place by representing the transition region between the geomagnetic field and the solar wind as a simple smooth shear in which ropes of magnetic flux are embedded. The calculated curve in Figure 4 shows the results of a calcu- It is interesting to note that the energetic electrons and protons generated in the interface between the geomagnetic field and the solar wind will move freely along the geomagnetic field lines. Since the interface is located at 5 earth's radii, and the field lines passing through the equator at that distance intersect the surface of the earth at a latitude of 65 ø, we may expect that these particles produced by Fermi acceleration will be concentrated in a belt at 65 ø, which is in fact the center of the auroral zone.
There seems, then, to be a simple connection between the auroral latitudes and the depth to which the solar wind can penetrate in the geomagnetic field. The Fermi acceleration of particles occurring in the disordered interface between the magnetic field and the solar wind may account for the primary auroral properties, and plasma interactions may perhaps account for the electrons that participate in auroral activity.
It will be noticed that tongues of magnetic field from the sun have not been mentioned, although they play an important role in the consideration of Professor Gold. I believe that these tongues will not accomplish the objectives Gold has set out for them. He thinks oppositely. We will spare you the debate, because an experiment may be proposed to settle the issue. If we were to set up an observing station between the earth and the sun, at least as distant as the moon, we could detect the particles in transit from the sun to the earth, study the structure of the shock waves at the fronts of the expanding gas clouds, and perhaps measure magnetic field strengths.
But in particular, with regard to the question of the magnetic tongues, the particles should be detected at the outer station before they arrive at the earth, and, if the cloud is moving at 1000 km/sec and the station is at the orbit of the moon, they Will be seen 4 minutes before they reach the earth. On the other hand, if, as I have suggested, there are no magnetic tongues, and particles simply come from the sun whenever they are on the right lines of force--remembering the solar field to be radial--then the delay time will not be 4 minutes, but rather a time appropriate to the actual velocities of the particles. For example, 10-Mev particles move at a speed of 50,000 km/sec and will traverse the moon-earth distance in 8 seconds.
A second experiment of value would be one concerned with the Forbush decrease. I have previously suggested that measurements of the cosmic-ray intensity at several distances from the earth would permit • separation of geocentric and heliocentric modulating factors. The value of these observations would be greatly enhanced if they could be s.pported with simultaneous magnetic field measurements at each space station, since most theories of the decrease agree in attributing them to magnetic fields, but the configuration and mode of opera-tion of the fields are open questions. In general it is very important to support particle measurements with magnetic field observations. DISCUSSION Question: One of the fascinating problems introduced by both of the previous speakers concerned the question of whether the motions of the solar wind or corpuscular radiation are indeed radial from the sun or whether they are spiraling in shape because of the rotation. Comets can give the answer to this question.
The second point is a suggestion in the placing of observing stations. There may be a use for the Lagrangian point in orbits between the earth and the sun, about 1.4 million miles from the earth.
Question: There is a second mechanism for feeding the Van Allen layer, which also depends on the solar wind. This is a simple scattering of the solar-wind protons in the outer atmosphere.
When the scattering is through an angle of 10 ø or so, the particles are injected into trapped orbits with high efficiency.
Of course, the soft particles that have been detected in the outer layer are probably electrons. There may be 10-kv protons, however, because these could not be detected with the instrumentation flown thus far.
In the course of time a circulating belt of trapped 10-kv protons would accelerate the electrons in the outer atmosphere to comparable energies. We estimate the time required for such acceleration to be about 10 hours, which is reasonable.
So we believe that this very simple scattering mechanism, together with the hypothesis of the solar wind, can provide an adequate injection rate into the outer layer.
With respect to the inner layer, it is difficult to understand why, in times of unusual solar ac-1681 tivity, the oncoming cloud does not perturb th• earth's field sufficiently to feed soft particles directly into the inner layer. The population of the inner layer will then decay until replenished by another burst of solar activity without calling on the convection mechanism.
Mr. Gold: I do not understand why that would make a maximum. I could understand why the process would bring them down to the inner zone, but not why it would produce a separation be- Mr. Gold: This will merely replace the other field that was previously there, will it not?
Mr. Parker: It will displace the radial field.
